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Here, the compressibility factor Z V is defined as
where ␤ is 1 / k B T ͑k B is Boltzmann's constant and T is the absolute temperature͒, P is the pressure, and is the reduced number density. In the case of hard hyperspheres Z V is independent of the temperature since the virial coefficients 
where is the diameter of the D dimensional hypersphere and B 2 is the second virial coefficient. It has the value 2 of
where ⌫ is the Gamma function.
In a previous publication 9 we have reported on our SWC ͑SmallWeb computing͒ Java framework Monte Carlo ͑MC͒ computer simulations. In that work we obtained G͑͒ for hard hyperspheres where D ranged from one to five. The contact value of the pair correlation function, G͑R͒, was determined by fitting a least-squares line 10 to the first five data points for which the separation R is larger than 1.00. The equation of this line was then evaluated at the point R = 1.00 to find the contact value. The error bar on the contact value was determined by the error bars on the fitted coefficients of the straight line. These MC numerical results for G͑͒ were compared to the theoretical equation of Song, Mason, and Stratt 11 which predicted G͑͒ at any arbitrary dimension and density,
where is the packing fraction
Here B 3 is the third virial coefficient. They derived this equation, using mean field theory, based on the Carnahan-Starling equation of state 12 and assumed the probability that a second particle will be found within a small region about a reference particle is the product of independent probabilities for each dimension. Excellent agreement between their theory and the MC data was found in all dimensions studied.
Since the equation of state results are well known in one, two, and three dimensions, here we only report our new findings for four and five dimensions. The G͑͒ results are used to determine the equation of state via Eq. ͑3͒. These MC values are compared to the molecular dynamics ͑MD͒ data of Luban and Michels 13 In all of this work, the hard hypersphere diameter is set to one and therefore, all quantities are reported in reduced units. The Z V expansion, Eq. ͑1͒, includes the ͑V+1͒th virial coefficient. Using all the known values for B V , Z 9 has been a͒ Electronic mail: marvin.bishop@manhattan.edu THE JOURNAL OF CHEMICAL PHYSICS 123, 014507 ͑2005͒ computed in both four and five dimensions. Using the notation that ͓n , m͔ indicates an approximant that has a polynomial of degree n for its numerator and a polynomial of degree m for its denominator, both the ͓4,5͔ and ͓5,4͔ Padé approximates in four and five dimensions were determined from the virial expansions. The Padé approximates are one way of more accurately representing the virial power series.
In four dimensions we find that . ͑11͒ Figure 1 presents Z vs for four dimensional hyperspheres. All the MC simulation data is in excellent agreement with the MD data and the theoretical ͓4,5͔ and ͓5,4͔ Padé approximates. Similar excellent agreement among the MC, MD, and Padé approximates is revealed in Fig. 2 for five dimensional hyperspheres. Preliminary comparisons using virial coefficients only up to order B 6 had discrepancies in the equation of state at higher densities. The current fine agreement is the result of the availability of the higher order virial coefficients.
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APPENDIX: EQUATION OF STATE OF HARD HYPERSPHERES IN ARBITRARY DIMENSION
The relationship between the equation of state and the pair correlation function at contact, G͑͒, follows from the D dimensional form of the pressure equation:
͑A1͒
The first term in this Eq. ͑1͒ is the ideal gas contribution. The second term is caused by particle interactions. The pair potential of D dimensional hyperspheres with diameter separated by the D dimensional distance R is given by
In Eq. ͑A1͒, ‫ץ‬U͑R͒ / ‫ץ‬R is the derivative of the pair potential and dR is the D dimensional differential volume element. Now consider the general Meyer f function, 
but in the special case of hard hyperspheres:
This is the Heavyside step function and its derivative is the delta function. 15 One may then replace ‫ץ‬f͑R͒ / ‫ץ‬R by ␦͑R − ͒ and rearrange terms to obtain ‫ץ‬U͑R͒/‫ץ‬R = − exp͓␤U͑R͔͒␦͑R − ͒/␤. ͑A6͒
The differential volume element dR is given by the surface area, S D times dR. 
